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The Munich 2D-ACAR spectrometer at the Maier-Leibnitz accelerator laboratory in Garching has recently 
become operational. In the present implementation a 2D-ACAR spectrometer is set up, with a baseline of 
16.5 m, a conventional 22 Na positron source and two Anger-type gamma- earner as. The positrons are guided 
onto the sample by a magnetic field generated by a normal conducting electromagnet. The sample can be 
either cooled by a standard closed-cycle-cryostat to low temperatures or heated by a resistive filament to 
temperatures up to 500 K. We present the key features of this new 2D-ACAR spectrometer and, in addition, 
discuss first measurements on the pure metal system Cr. The 2D-ACAR measurements have been performed 
on Cr at different temperatures: at 5K and at room temperature in the anti-ferromagnetic phase and at 
318 K slightly above the paramagnetic phase transition. 



I. INTRODUCTION 

Almost all properties of a material are given by its elec- 
tronic structure. For metallic materials, the most impor- 
tant characteristic of the electronic structure is the Fermi 
surface, namely the boundary between occupied and un- 
occupied states in momentum space. The traditional ex- 
perimental method for studying the Fermi surface is the 
de Haas- van Alphen effect, which is limited to low tem- 
peratures, and therefore cannot be utilized for the study 
of certain paramagnetic materials, for example Cr, since 
the Neel temperature of Cr is 311 K 1 . For this reason, nu- 
merous ACAR investigations, both experimental^"^ and 
theoretical"^ have been performed on paramagnetic Cr. 
Studying the fermiology of the paramagnetic phase of Cr 
would allow to gain insight to the driving mechanism 
of the anti-ferromagnetic ordering of Cr below 311 K, 
since a nesting feature of the Fermi surface gives a pos- 
sible explanation. However, several 2D-ACAR investi- 
gations performed in the paramagnetic^ phase of Cr 
revealed significant discrepancies between the measured 
and the calculated two-photon-momentum distribution, 
which cannot be explained in terms of an unexpected 
topology of the Fermi surface. These discrepancies are 
most probably due to e + -e~ -correlations and/or many- 
body effects not accounted for by theory. Recently, an 
experimental approach to this problem, the utilisation of 
a state-dependent enhancement has been presented irW. 
With this method the enhancement is directly obtained 
by fitting the contribution of the individual bands to the 
data. This way, the Fermi surface nesting vector was 
deduced via the computation of the static susceptibil- 
ity from the fitted LMTO calculations. In our study we 
focussed on the differences in the Fermi surface topol- 
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ogy between paramagnetic and anti- ferromagnetic Cr. 
Therefore, 2D- ACAR measurements at different temper- 
atures have been performed. 



II. EXPERIMENTAL SETUP 

The 2D- AC AR spectrometer consists of two main com- 
ponents, the source-sample chamber including the sam- 
ple environment, and the detector assembly consisting 
of two Anger- type gamma cameras, which were obtained 
from the positron group of Bristol university. The Anger 
cameras are positioned symmetrically at a distance of 
8.25 m to the source-sample chamber. The Munich 2D- 
ACAR spectrometer features two interchangeable sample 
holders, with an available temperature range between 5 K 
and 500 K, both of which were used for this study. The 
details of the Munich 2D-ACAR spectrometer and the 
performance characteristics can be found in^M. 
For this study, four 2D- ACAR measurements have been 
conducted, each with the integration direction chosen 
along [100]. Two measurements were performed with the 
coolable sample holder in the anti-ferromagnetic phase of 
Cr, one at 5K with a total of 1.10 • 10 8 counts and the 
other one at room temperature with a total of 1.84 • 10 8 
counts. Two additional measurements were performed 
with the heatable sample holder, one at room tempera- 
ture, in order to ensure reproducibility, with a total of 
2.09 • 10 8 counts and the other one at 318 K with a total 
of 2.63 • 10 8 counts. Before each of the two measurement 
campaigns the orientation of the Cr crystal was checked 
by means of Laue diffractometry and aligned to ±1°. Be- 
fore the sample was mounted the surface was etched with 
concentrated hydrochloric acid in order to remove the ox- 
ide layer from the surface. The crystal was cut by means 
of spark erosion, therefore it is assumed that the crystal 
is defect free. Positron lifetime measurements are under- 
way to investigate the defect concentration. 



The recorded ACAR spectra were corrected for the mo- 
mentum sampling function and then folded back to k- 
space following the LCW-procedure^J This way fea- 
tures in the projection of the momentum distribution 
attributed to the Fermi surface are enhanced and eas- 
ier to identify. The LCW-folded data were corrected for 
background contributions and scaled from 0-1 so that the 
dynamic range is identical for all three measurements as 
well as for theoretical calculations: represents unoccu- 
pied states while 1.0 represents the occupied states. 
In addition, first principle band structure calculations 
have been performed for paramagnetic Cr using the Mu- 
nich SPR-KKR-package^ and the expected two-photon 
momentum distribution was deduced. For the calcula- 
tions the independent particle model was applied, there- 
fore e + -e~-correlation effects are not included in the the- 
oretical data. 




FIG. 3. LCW distribution for paramagnetic Cr [100] 
obtained from first principle calculations. 



III. RESULTS 
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FIG. 4. Cut through the LCW-folded projections 
along T-N-r (pooi =poio) for the paramagnetic and the 
anti-ferromagnetic phase. The initial LCW-projections 
were normalized to the same amount of counts. 



FIG. 1. LCW distribution for anti- ferromagnetic Cr 
[100] at room temperature. 



m m w -A 


1 o m %% 


1 1 w I % 


8* ° €H£ ° w 



p m [mrad] 






FIG. 2. LCW distribution for Cr [100] at 318 K. 
Slightly above the Neel temperature for Cr of 311 K. 



Two of the four measurements were performed at room 
temperature in order to check if the ACAR spectra are 
consistent before and after the change of the sample 
holder. Since both spectra are compatible within the sta- 
tistical limits only the spectrum with the higher statistics 
is presented here (see figure [I]) . The comparison of the 
low temperature measurement and the room tempera- 
ture measurement shows the effect of decreasing resolu- 
tion with increasing temperature. However, besides the 
lower resolution in the room temperature measurement 
both spectra are comparable, therefore only one is shown. 
The features at the N-points appear to be occupied in 
the anti-ferromagnetic phase (High symmetry points of 
the Brillouin zones of both phases, simple cubic for the 
anti-ferromagnetic phase and bcc for the paramagnetic 
phase are indicated in figures 1-5). This picture changes 
when the sample temperature is increased above the Neel 
temperature (see figure [2]). A small difference in temper- 
ature drives the sample into the paramagnetic state and 
yields a drastic change in the LCW-folded data. The 



N-hole pockets become more pronounced, which can be 
seen comparing cuts along T-N-r for both phases (see fig- 
ure^. Furthermore, the electron pocket structure at the 
X-points connecting the N-points is smaller than in the 
anti- ferromagnetic phase. Generally, the agreement of 
our measurement with previous 2D-ACAR measurements 
(see ref. 8 ) on paramagnetic Cr is considerable. However, 
the discrepancies between our data and the SPRKKR 
calculations are quite substantial. This has also been 
reported from different laboratories^. The relative in- 
tensities in the calculation for the occupied and the unoc- 
cupied states can not be reproduced in the LCW-folded 
data (see figure [3| . 



IV. DISCUSSION 

The experimental resolution of our spectrometer lies 
between 1.54 mrad and 1.64 mrad 11 , which is only slightly 
less than the extent of the N-point features in our data. 
However, the changes in the LCW-folded data when the 
sample is driven over the magnetic phase transition can- 
not be attributed to resolution effects, since a tempera- 
ture increase of 20 K results in a degradation of the over- 
all resolution of less than 0.01 mrad. 
During data analysis the LCW-folding was applied to the 
isotropic data, which was obtained by azimuthal averag- 
ing of the original data. The isotropic data does not con- 
tain the full information on the Fermi surface topology. 
With the isotropic data alone features at the X-point, 
similar to those described above, can be produced by the 
LCW-folding, as can be seen in figure [5j 
A possible explanation would be that the positron anni- 
hilation with a high lying flat band close to the Fermi 
energy is strongly enhanced. Also it has to be considered 
the application of the LCW-theorem is only valid if the 
positron wave function can be characterized as a plane 
wave, which is not true if strong correlation effects are 
present, like it is the case for CiP=l 

To summarize, we were able to reproduce the results from 
previous measurements^ we also could show, that the 
2D-ACAR spectrum is drastically different in the anti- 
ferromagnetic and in the paramagnetic phase. However, 
the interpretation of our data with respect to the calcu- 
lation remains an unsolved challenge. 



V. OUTLOOK 

For the interpretation of the 2D-ACAR data of Cr a 
solid understanding of the enhancement is needed. We 
plan on recording multiple 2D-ACAR projections of Cr 



in the paramagnetic phase in order to perform a full 3D 
reconstruction of the momentum density, respective mea- 
surements are under way. This way, we hope to get a bet- 
ter grasp of the enhancement in Cr and with that gain 
insight to the electronic structure. 
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FIG. 5. Cut through the LCW-folded 
data along XYX (pooi = 0) in compari- 
son with the same cut for a LCW-folding 
of the isotropic data. The position of high 
symmetry points is indicated. 
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